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BACKGROUND 

[0001] The present invention relates to integrated circuit 

(IC) fabrication technology, and more particularly, to a 
method of fabricating an IC having a sealed cavity. 

[0002] Some products use packaging technology that involves 

bonding a cap over a predetermined area of a substrate to 
create a hermetically sealed cavity. The hermetically 
sealed cavity is often formed to protect sensitive circuit 
elements therein. Figure 1 is a perspective illustration of 
a sample apparatus 10 including a device chip 20 having a 
substrate 22 and circuit elements 24 fabricated on the 
substrate 22. A cap 30 is attached, via thermo compression 
bond, over the device chip 20 defining a hermetically sealed 
cavity within which the circuit elements 24 are protected. 

[0003] Figure 2 illustrates a cut-away side view of the 

apparatus 10 of Figure 1 after the bonding process. The 
hermetically sealed cavity is indicated with reference 
number 26. As illustrated, bottom of the hermetically 
sealed cavity 26 is defined by the device chip 20 including 
the substrate 22 and the circuit elements 24. Top of the 
hermetically sealed cavity 26 is defined by the cap 30. The 
sizes of the device chip 20 and the cap 30 can vary greatly 
depending on implementation but can be, for example, on the 
order of millimeters (mm) or fractions of millimeters, for 
example, about 0.5 mm to 2 mm. 

[0004] Sides of the hermetically sealed cavity 26 are defined 

by gasket 32 which can be a part of the cap 30. The gasket 
32 is attached to the substrate 22 using bonding agent 34 
such as gold. To achieve the hermetically sealed cavity 26, 
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the bonding agent 34 is applied to the substrate 22, the 
gasket 32, or both before they are brought together. As for 
the bonding metal 34 , gold (chemical symbol Au) is often 
used but other materials can be used as the bonding agent. 
Then, the device chip 20 and the cap 30 are pressed together 
and heated to effectuate diffusion bonding. The gasket 32 
can be about 1 to 10 microns thick depending on 
implementation. This process results in a hermetic sealing 
of the cavity 26; however, long-term exposure to harsh 
environmental conditions such as high temperature, high 
humidity, or both can lead to corrosion and leaking of the 
bond agent thus losing the hermeticity of the cavity. 
[0005] Accordingly, there remains a need for a method of 

manufacturing an apparatus with sealed cavity that provides 
even higher level of protection against adverse 
environmental conditions . 

SUMMARY 

[0006] The need is met by the present invention. In one 

embodiment of the present invention, an apparatus including 
a device chip and a cap is disclosed. The device chip 
includes substrate and at least one circuit element 
fabricated on the substrate. The cap is bonded to the 
device chip such that the device chip and the cap define a 
hermetically sealed cavity where the cavity is sealed with 
bonding agent and caulking agent. 

[0007] In another embodiment of the present invention, a 

method of manufacturing an apparatus is disclosed. A device 
chip including a substrate and at least one circuit element 
on the substrate is fabricated. A cap is fabricated. Next, 
the device chip and the cap are bonded such that a sealed 
cavity is formed by the device chip and the cap. Then, 
caulking agent is reflowed to further seal the cavity. 

[0008] Other aspects and advantages of the present invention 

will become- apparent from the following detailed 
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description, taken in conjunction with the accompanying 
drawings, illustrating by way of example the principles of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Figure 1 is a perspective illustration of a sample 

apparatus; 

[0010] Figure 2 is a cut-away side view of the apparatus of 

Figure 1 following a bonding process; 
[0011] Figure 3A is a cut-away side view of a apparatus 

according to one embodiment of the present invention; 
[0012] Figure 3B is a portion of cut-away side view the 

apparatus of Figure 3A in more detail; and 
[0013] Figure 3C is the portion illustrated in Figure 3B 

prior to a bonding step. 

DETAILED DESCRIPTION 

[0014] The present invention will now be described with 

reference to Figures 1 through 3C which illustrate various 
embodiments of the present invention. In the Figures, some 
sizes of structures or portions may be exaggerated relative 
to sizes of other structures or portions, for illustrative 
purposes and, thus, are provided to illustrate the general 
structures of the present invention. Furthermore, various 
aspects of the present invention are described with 
reference to a structure or a portion positioned "above" or 
"over" relative to other structures, portions, or both. As 
will be appreciated by those of skill in the art, relative 
terms and phrases such as "above" or "over" are used herein 
to describe one structure's or portion's relationship to 
another structure or portion as illustrated in the Figures. 
It will be understood that such relative terms are intended 
to encompass different orientations of the device in 
addition to the orientation depicted in the Figures. For 
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example , if the device in the Figures is turned over, 
rotated, or both, the structure or the portion described as 
"above" or "over" other structures or portions would now be 
oriented "below," "under," "left of," "right of," "in front 
of," or "behind" the other structures or portions. 

[0015] As shown in the Figures for the purposes of 

illustration, embodiments of the present invention are 
exemplified by an apparatus having a device chip and a cap 
bonded to the cJ ev i ce chip,- the device chip and the cap 
defining a sealed cavity. The cavity is sealed with bonding 
agent and with caulking agent to reinforce the seal thus 
providing even higher level of protection against adverse 
environmental conditions . 

[0016] Figure 3A is a cut-away side view of an apparatus 40 

according to one embodiment of the present invention. A 
portion 42 of Figure 3A is illustrated in more detail in 
Figures 3B and 3C. The apparatus 40 of Figures 3A through 
3C includes portions similar to corresponding portions of 
the apparatus 10 of Figures 1 and 2. For convenience, 
portions of the apparatus 40 of Figures 3A through 3C that 
are similar to corresponding portions of the apparatus 10 of 
Figures 1 and 2 are assigned the same reference numerals; 
different portions are assigned different reference 
numerals . 

[0017] Referring to Figures 3A and 3B, the apparatus 40 

includes a device chip 20 including substrate 22 and at 
least one circuit element 24 fabricated on the substrate 22. 
The substrate 22 can be, for example, a silicon substrate 
22. The circuit element 24 can be, for example, resonators, 
transistors, or connectors. 

[0018] A cap 30, including gasket 32, is bonded to the device 

chip 20 such that the device chip 20 and the cap 30 define a 
hermetically sealed cavity 26. As illustrated, bottom of 
the hermetically sealed cavity 26 is defined by the device 
chip 20 including the substrate 22 and the circuit elements 
24. Top of the hermetically sealed cavity 26 is defined by 
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the cap 30. The sizes of the device chip 20 and the cap 30 
are on the order of millimeters or fraction of millimeters. 
Sides of the hermetically sealed cavity 26 are defined by 
the gasket 32 which can be a part of the cap 30. Depending 
on the desired application, the gasket 32 can have thickness 
37 in the order of microns or tens of microns and have a 
length 39 in the order of microns or tens of microns. 
Again, these ranges are examples only. The sizes of these 
portions can vary widely outside the stated ranges depending 
on the desired implementation. 

[0019] The gasket 32 is attached to the substrate 22 using 

bonding agent 34 such as gold. To achieve the hermetically 
sealed cavity 26, the bonding agent 34 is applied to the 
substrate 22, the gasket 32, or both before they are brought 
together. As for the bonding metal 34, gold (chemical 
symbol Au) is often used. Then, the device chip 20 and the 
cap 30 are pressed together and heated to effectuate 
diffusion bonding. This technique is also known as thermo 
compression bonding. This process results in a hermetic 
sealing of the cavity 26. 

[0020] Here, in addition to the bonding agent 34, caulking 

agent 36 is used to seal the cavity 26. The bonding agent 
34 is thermo compressed at a temperature, "bonding 
temperature" that depends on the bonding agent material. 
For gold, a bonding temperature of ranging between, for 
example, approximately 600 to 670 degrees Kevin but this 
range can vary greatly depending on material, pressure, and 
time. Various materials can be used as the caulking agent 
36, for example, amorphous fluorocarbon polymer such as 
Cytop®, polyimide materials, and benzocyclobutene (BCB) 
based materials. It is desirable that the caulking agent 36 
has dispense and patterning properties that are compatible 
with the rest of the wafer manufacturing process. For 
example, the caulking agent and the process for depositing 
caulking agents should not have adverse reactions or impact 
against other parts of the circuit. 
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[0021] For example, it is desirable that the caulking agent 

36 has a reflow temperature that is compatible with the rest 
of the bonding process. If the reflow temperature is too 
low, then the caulking agent 36 may not caulk the gasket 32 , 
but rather flow throughout the die or adversely penetrate 
the bonding agent.- If the reflow temperature is too high, 
then the caulking agent 36 will not flow and caulking will 
not occur. Additionally, the caulking agent 3 6 should not 
include material that adversely affects the device chip 20, 
its circuits 24, or the cap 30. 

[0022] As illustrated in Figures 3A and 3B, the caulking 

agent 36 caulks and envelopes portions of or all of the 
bonding agent 34 and the gasket 32 which is a part of the 
cap 30. The gasket 32 has an inner surface 31 and an outer 
surface 33 where the inner surface 31 is'' exposed to the 
cavity 26. The caulking agent 36 can be used to caulk the 
inner surface 31, the outer surface 33, or both. Only one 
layer of the caulking agent 36 is illustrated for 
simplicity. However, depending on the application, two or 
more layers of the caulking agent 36 can be used where the 
layers can be different caulking material relative to the 
other layers or multiple layers of the same caulking 
material . 

[0023] To manufacture the apparatus 40, the device chip 20 is 

fabricated including the substrate 22 and at least one 
circuit element 24 on the substrate. Also, the cap 30 is 
fabricated. The bonding agent 34 can be applied to or 
fabricated on the device chip 20, the cap 30, or both when 
these are fabricated. Likewise, the caulking agent 36 can 
be applied to or fabricated on the device chip 20, the cap 
30, or both when these are fabricated. Figure 3C 

illustrates the portion 42 before the cap 30 is bonded to 
the device chip 20. 

[0024] In the illustrated embodiment, the bonding agent 34 is 

deposited on both the device chip 20 and the cap 30, but the 
caulking agent 36 is fabricated on the cap 30 only. The 
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bonding agent 34 is deposited with a thickness 45 in the 
order of microns in the present embodiment, but this can 
vary with the different processes. The caulking agent 36 is 
deposited with a thickness 47 in the order of microns or 
tens of microns and sufficient length 49 to cover the length 
of the gasket 32 including the bonding agent 34. For 
example, the length 4 9 can be in a range of approximately 
microns to tens of microns. 
[0025] Next, the cap 30 is attached to the device chip 20 

using thermo compression technique to result in diffusion 
bonding of the bonding agent 34. At the same time, the 
bonding temperature causes the caulking agent 36 to reflow 
to further seal the cavity 26. The reflow step can be 
performed before or after the diffusion bonding of the 
bonding agent 34 if needed. In the illustrated embodiment, 
the bonding process, including the reflow step, is 
effectuated between approximately 600 to 670 degrees Kevin 
but this range can vary greatly depending on material, 
pressure, and time. Pressure, in the illustrated 

embodiment, is within a range of approximately 15 to 60 mega 
pascals of localized pressure at the bond interface. For 
the present example, the bonding temperature and the bonding 
pressure are applied in the range of minutes and tens of 
minutes. Again, all these values (temperatures, pressure, 
and time) can vary greatly depending on many factors 
including, for example, the material, size, and the process 
technology as well as the time-temperature-pressure 
relationship . 

[0026] From the foregoing, it will be apparent that the 

present invention is novel and offers advantages .over the 
current art. Although specific embodiments of the invention 
are described and illustrated above, the invention is not to 
be limited to the specific forms or arrangements of parts so 
described and illustrated. For example, differing 

configurations, sizes, or materials may be used but still 
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fall within the scope of the present invention. The 
invention is limited by the claims that follow. 
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